Suppressed nighttime blood pressure dipping is associated with salt sensitivity and may increase the hemodynamic load on the microvasculature. The mechanism remains unknown whereby salt sensitivity may increase the cardiovascular risk of non-dippers. Marinobufagenin, a novel steroidal biomarker, is associated with salt sensitivity and other cardiovascular risk factors independent of blood pressure. The authors investigated whether microvascular function in non-dippers is associated with marinobufagenin. The authors included 220 dippers and 154 non-dippers (aged 20-30 years) from the African-PREDICT study, with complete 24-hour urinary marinobufagenin and sodium data. The authors determined dipping status using 24-hour blood pressure monitoring and defined nighttime non-dipping <10%. The authors measured microvascular reactivity as retinal artery dilation in response to light flicker provocation. Young healthy non-dippers and dippers presented with similar peak retinal artery dilation, urinary sodium, and MBG excretion (P > .05). However, only in non-dippers did peak retinal artery dilation relate negatively to marinobufagenin excretion after single (r = −0.20; P = .012), partial (r = −0.23; P = .004), and multivariate-adjusted regression analyses (Adj. R 2 = 0.34; β = −0.26; P < .001). The authors also noted a relationship between peak artery dilation and estimated salt intake (Adj. R 2 = 0.30; β = −0.14; P = .051), but it was lost upon inclusion of marinobufagenin (Adj.
| INTRODUC TI ON
Nighttime blood pressure dipping forms part of the normal circadian rhythm where blood pressure is elevated during the daytime and lowered with more than 10% during the night. 1 This physiological rhythm, however, is impaired in individuals who are classified as non-dippers (BP dipping <10%). 1 The non-dipping phenotype is associated with salt sensitivity, 2,3 commonly defined as a meaningful change in an individual's BP response to a salt intervention (∆MAP > 10mm Hg in response to a sodium intervention, or a >10% ∆ in MAP). Soltysiak 2 and Uzu et al 4 demonstrated that the non-dipping phenotype was more frequent in salt-sensitive adults on a high salt diet and that nocturnal dipping was restored with sodium restriction in some cases. The American Heart Association (AHA) also recognized salt sensitivity as a cardiovascular risk factor independent of blood pressure. 5 It is reported that approximately 30%-50% of hypertensive 6 and one in four normotensive individuals 7 are salt-sensitive. Salt sensitivity is associated with increased mortality not only in hypertensive adults but also in normotensive adults. 8 Both the AHA 5 and Weinberger et al 8 noted that continued research is needed to investigate possible mechanisms whereby salt sensitivity increases cardiovascular risk beyond blood pressure, especially in normotensive individuals. It is possible that individuals who demonstrate increased salt sensitivity of blood pressure may also be more sensitive to the effects of salt intake on endothelial, and micro-and macrovascular level-key role players in cardiovascular health.
The precursory role of microvascular dysfunction in the development of hypertension and cardiovascular disease has been recognized. 9 Although there is little information on dipping status and microvascular function, salt sensitivity was indeed associated with impaired microvascular function. 10 Past examinations of the microvasculature were limited and invasive; however, technological advancements have made it possible to now gain valuable information via methods including retinal microvascular imaging 11 -reflective of the systemic microvasculatory state. 12 Structural changes in the retinal microvascular calibers including small artery narrowing and vein widening have been consistently associated with increased blood pressure and inflammation, respectively. [13] [14] [15] In addition, retinal microvascular responses to a light flicker provocation (function changes) may be indicative of microvascular endothelial function, 12 as reduced retinal artery dilation was related to hypertension, 16 diabetes mellitus, 16 obesity, 17 and coronary artery disease. 18 The novel steroidal biomarker, cardiotonic steroid marinobufagenin (MBG), shown to markedly increase with increased salt intake, 19, 20 strongly associates with salt sensitivity. [21] [22] [23] In vitro investigation of the adverse role of MBG on the microvasculature indicated elevated MBG to promote endothelial damage of human brain microvascular endothelial cells 24 ; however, in vivo studies investigating relationships between MBG and microvascular function are scarce. We previously demonstrated that MBG associates with increased large artery stiffness, left ventricular mass, and autonomic activity in young normotensive adults consuming excessive amounts of salt, independent of blood pressure. 19, 25, 26 The latter was predominantly demonstrated in women, who are reportedly more salt-sensitive, 27 despite men having higher levels of MBG. It is, therefore, possible that MBG may play a harmful role in early microvascular function, independent of blood pressure, in individuals who are salt-sensitive-including those with a non-dipping nighttime blood pressure profile. We therefore investigated the relationship of microvascular function with MBG excretion in young normotensive non-dippers, when compared to dippers.
| ME THODS
This study forms part of the African Prospective study on the the study based on the following criteria: office blood pressure <140/90 mm Hg, 29 microalbuminuria <30 mg/mL, HIV-uninfected, no self-reported previous diagnosis of chronic illnesses and did not make use of antihypertensive or chronic disease medication.
Women included in the study were not pregnant or lactating at the time of participation.
Participants who met these inclusion criteria were invited back for additional measurements at the Hypertension Research Clinic on the North-West University campus. Participation in the study was voluntary, and all participants completed written informed consent prior to the screening and study measurements.
| Questionnaire and anthropometric data
General health and demographic questionnaires were completed by each participant to collect data on ethnicity, sex, age, self-reported alcohol use, and smoking.
The body height (m; SECA 213 Portable Stadiometer; SECA), weight (kg; SECA 813 Electronic Scales), and waist circumference (cm; Lufkin Steel Anthropometric Tape; W606PM; Lufkin, Apex) of participants were measured, and body mass index (BMI; weight (kg)/ height (m 2 )) 30 and waist-to-height ratio (WHtR) were calculated.
| Cardiovascular measurements

| Ambulatory blood pressure
Ambulatory blood pressure (ABPM) was used to identify dipper status of participants. Each participant was fitted with a Card(X)plore device (Meditech) following the European Society of Hypertension practice guidelines. 1 We programmed ABPM devices to measure daytime blood pressure in 30-minute intervals (06:00-22:00) and nighttime blood pressure every hour (22:00-06:00). Participants included in this study had more that 70% successful ABPM recordings, or 20 daytime and five nighttime measurements. 31 Non-dipping was defined as nighttime systolic blood pressure dipping <10%. 1
| Microvascular reactivity
Participants refrained from eating at least one hour before the retinal microvascular measurements were performed. A registered nurse measured the intraocular pressure (Tonopen, Avia, Reichert Technologies) prior to retinal microvascular measurements, and those with an intraocular pressure exceeding 24 mm Hg did not participate in further retinal microvascular assessments. Mydriasis was induced by administering a drop of tropicamide (1% Alcon) to the right eye 15-30 minutes before the measurement commenced.
Microvascular reactivity in response to light flicker provocation was measured non-invasively using the Dynamic Retinal Vessel
Analyzer (Imedos), fitted with a Zeiss Fundus camera FF-450plus set at a 30° angle. 32 The dynamic retinal vessel analyses were performed using the standard flicker protocol of the Imedos Systems.
Using RVA version 4.50 software, segments of both the artery and vein branches, between 0.5 and 2.0 optic disk diameter from the optic disk, were selected for analysis. The first light flicker stimulus was applied for 20 seconds after a 50-second baseline phase.
The 20-second flicker stimulus was repeated for three cycles, each interrupted by a 80-second recovery period. The quality of each measurement was assessed as previously described. 33 Raw data were exported to Excel sheets with built-in macros. The maximum retinal artery and vein dilation in response to FLIP were calculated as a percentage of baseline previously described by Kotliar et al 17 Figure 1 demonstrates the expected retinal artery dilation in response to FLIP ( Figure 1A ), in comparison with suppressed retinal artery dilation ( Figure 1B ). described. 34 Retinal images were captured with the Fundus camera angled at 50° and individual data extracted using Visualis software.
| Microvascular calibers
Vessels located between 0.5 and 1.5 optic disk diameters from the optic disk were selected as either arteries or veins, and the CRAE and CRVE were subsequently calculated using the revised formulas. 35 
| Biological sampling and biochemical analyses
All participants were requested to fast from 22:00 the night before the study measurements. Early morning blood samples were col- 
| Statistical analyses
All statistical analyses were performed with Statistica version 13 (TIBCO Software Inc). Normally distributed data were presented as the arithmetic mean and standard deviation, with non-Gaussian-distributed data presented as the geometric mean, and 5th and 95th percentiles. Interaction testing was done to determine the potential influence of sex or ethnicity on the relationship between MBG excretion and microvascular function in dippers and non-dippers. We performed independent t tests to compare continuous data, and the chi-square test for categorical data, between dippers and non-dippers. Pearson, partial, and multiple regression analyses were conducted to investigate the relationships of peak artery dilation with MBG excretion and estimated salt intake, respectively, in dippers and non-dippers. Covariates included into multiple regression models were included based on the strongest bivariate associations with peak artery dilation, MBG excretion, or estimated salt intake. The model included waist-to-height ratio (WHtR), 24-hour systolic blood pressure, IL-6, LDL-C, cotinine, and glucose. Multiple regression analyses with peak artery dilation as dependent variable additionally included artery segment diameter as a covariate.
| RE SULTS
We found no interaction of sex or ethnicity on the relationship between MBG excretion and microvascular function in dippers or nondippers. Table 1 demonstrates the basic characteristic of this young adult population according to their nocturnal dipping status. Of those exhibiting a normal nighttime blood pressure dipping pattern, the proportion of black (35%) compared to white adults (65%) was significantly lower. Although 24-hour systolic and diastolic blood pressure did not differ between dippers and non-dippers, non-dippers had lower daytime blood pressure (P = .055) and expectantly higher nighttime blood pressure (P < .001). Accordingly, nighttime pulse pressure was higher in non-dippers (P < .001). While we observed no differences in the microvascular reactivity between dippers and non-dippers, CRAE was narrower in non-dippers (P = .050). Also, there were no differences in the 24-hour urinary volume, sodium, potassium, or MBG excretion.
| Regression analyses
We firstly performed Pearson correlations of nighttime dipping with MBG and peak artery dilation. Only in non-dippers did we find a borderline negative correlation between nighttime dipping and MBG excretion (r = −0.15; P = .064)-but not between nighttime dipping and peak artery dilation (r = −0.036; P = .66; Table 2 ). We furthermore found a negative correlation between peak artery dilation and MBG excretion only in non-dippers (r = −0.20; P = .012; Figure 2A ), which remained significant after partial adjustment for age, sex, ethnicity, and WHtR (r = −0.23; P = .004; Table 3 ). With partial correlations, we also found that MBG positively related to nighttime pulse pressure, only in non-dippers (r = 0.18; P = .027).
We determined whether estimated salt intake correlates with peak artery dilation, and found a weak relationship after partial adjustments (r = −0.14, P = .091; Table 3 ). When we performed multivariate-adjusted regression analyses in non-dippers (Table 4 ), a borderline significant association between peak artery dilation and 
| D ISCUSS I ON
In young adults with suppressed nighttime blood pressure dipping, we found that their acute microvascular dilatory responses were independently and negatively associated with a biomarker of salt sensitivity, namely MBG. This was not found in those with normal dipping.
Nighttime blood pressure dipping forms part of the normal physiological circadian rhythm that plays an important role in lowering unnecessary cardiovascular hemodynamic load while sleeping. The lack of a decrease in blood pressure from day to nighttime increases cardiovascular load and concurrently cardiovascular risk.
Indeed, Hermida et al showed that non-dippers with a normal 24hour blood pressure (<135/90 mm Hg) demonstrated similar hazard ratios of total cardiovascular events compared to hypertensive dippers. 39 Also, non-dipping blood pressure is associated with increased mortality, even in those with normotensive blood pressures. 40 Accordingly, the non-dippers in our study population had a narrower retinal artery equivalent, which itself is associated with increased risk of hypertension 14 and cardiovascular mortality. 41 The smaller CRAE in non-dippers may reflect the functional narrowing of arterioles due to a myogenic response to increased nighttime blood pressure (Bayliss effect). 42 Still, the questions regarding the physiological mechanisms promoting early cardiovascular risk independent of blood pressure in these individuals remain. One possibility is that increased salt sensitivity, 2,3 a recognized cardiovascular risk factor, 5 may increase the cardiovascular risk of non-dippers.
An endogenous inhibitor of Na + K + -ATPase, the cardiotonic steroid MBG, is strongly associated with salt sensitivity. [21] [22] [23] The interaction of MBG with Na + K + -ATPase via either the inhibitory or signaling pathway, 43 has been shown to promote vasoconstric- Our findings-albeit based on cross-sectional association studies-suggest that MBG may play an adverse role in altering microvascular function in non-dipping normotensive adults, thereby increasing their cardiovascular risk independent of blood pressure.
Although microvascular reactivity in this healthy population did not differ between dippers and non-dippers at this young age, the clear difference of the relationship of MBG with microvascular function in the respective groups may be vital. The association of MBG with reduced peak artery dilation in non-dippers suggests that MBG could contribute to microvascular dysfunction in the "at-risk" non-dipping group-and may give rise to a discernible attenuation in microvascular function compared to dippers later on.
In addition, salt sensitivity is not characterized by an altered salt balance, but rather abnormal sodium handling and the concurrent hypertensive responses in these individuals. 5 Therefore, although salt intake and MBG did not differ between dippers and non-dippers, the negative relationship observed between microvascular function and MBG only in non-dippers suggests differential sodium Microvasculature functionality is crucial in terms of regulating the exposure of capillaries to alterations in pulsatile pressure. 9 The question of whether microvascular dysfunction precedes macrovascular dysfunction, or vice versa, remains subjective. 9 In our study, however, it was evident that an association between MBG excretion and attenuated microvascular reactivity was prominent in these young adults. Relationships between MBG and macrovascular reactivity at a later stage remain possible as MBG is associated with large artery stiffness. 19 This study is limited by its cross-sectional design, and therefore, the results should be interpreted within the appropriate context.
Also, while MBG is strongly associated with salt intake in normotensive rats 46 and humans, 19 and Dahl salt-sensitive hypertension, [21] [22] [23] more studies are needed to establish MBG as a marker of salt sen- Bold values denote significance of P < .05.
Abbreviation: LDL-C, low-density lipoprotein cholesterol; MBG, marinobufagenin; SBP, systolic blood pressure; WHtR, waist-to-height ratio.
associations of MBG with established risk factors prior to the onset of cardiovascular disease that might be exaggerated over time and contribute to cardiovascular disease development.
We conclude that MBG is associated with reduced retinal microvascular artery dilation in young healthy normotensive adults, exhibiting a non-dipping blood pressure pattern. Salt intake, with resultant elevation in circulating MBG, may have profound effects in those with salt sensitivity and non-dipping nighttime pressures. It is possible that MBG may play a pathophysiological role contributing to increased cardiovascular risk, independent of blood pressure, observed in those with impaired nighttime blood pressure dipping.
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